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(54) METHOD FOR RECOVERING PLATINUM GROUP METAL FROM METALLIC ELECTRODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method capable of separating and recovering platinum group metals 
from used insoluble metallic electrodes at high purity by peeling and separating coating layers containing 
platinum group metal oxides from the metallic electrodes, then removing most of impurities from the coating 
sludge. 

SOLUTION: In recovering the platinum group metals from the used insoluble metallic electrodes having the 
coating layers containing the platinum group metal oxides, the coating layers are physically and/or chemically 
stripped from electrode base materials. The coating material sludge is heated in a reducing atmosphere to 
reduce the platinum group metal oxide components to metals and thereafter these metals are chlorinated. The 
undissolved portions are filtered away in the state of the aqueous hydrochloric acid solution and are then 
subjected to the separation and removal of the existing cations by an electrodialysis method, by which the 
high-purity platinum group metals removed of most of the impurities are recovered in the form of chlorides. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the approach of collecting platinum metals from the water-soluble metal electrode which has an 
enveloping layer containing a platinum metal oxide An enveloping layer is exfoliated from an electrode substrate, 
after heating this coating sludge in a reducing atmosphere and returning a platinum metal component to a metal, 
it chlorinates, and after considering as a hydrochloric-acid water solution, filtration removal of the non-dissolved 
part is carried out. Subsequently How to collect platinum metals from the metal electrode characterized by 
collecting platinum metals as a chloride by performing separation removal of the cation which exists with the 
electrodialysis process by cation exchange membrane. 

[Claim 2] How to collect platinum metals from the metal electrode characterized by exfoliating an enveloping 
layer according to claim 1 physically and/or chemically. 

[Claim 3] How to collect platinum metals from the metal metal characterized by for a reducing atmosphere 
according to claim 1 being a hydrogen gas ambient atmosphere, and whenever [ stoving temperature ] being 
500-1000 degrees C. 

[Claim 4] How for a platinum metal claim 1 thru/or given in 3 any 1 terms to be a ruthenium, and to collect 
platinum metals from the metal electrode characterized by carrying out by dissolving chlorination into the 
heating concentrated-hydrochloric-acid water solution containing a oxidizing gas. 

[Claim 5] How to collect platinum metals from the metal electrode characterized by carrying out by platinum 
metals claim 1 thru/or given in 3 any 1 terms being iridium or iridium / ruthenium, heating chlorination by mixing 
with alkali halide, and letting chlorine gas pass. 

[Claim 6] How to collect platinum metals from the metal electrode characterized by for alkali halide according to 

claim 5 being a sodium chloride, and whenever [ stoving temperature ] being 500-700 degrees C. 

[Claim 7] How to collect platinum group electrodes from the metal electrode which electrolyzes supplying a 

solution to the anode plate room which uses cation exchange membrane according to claim 1 as a diaphragm, 

and is characterized by carrying out delivery separation of the impurity metal at a cathode room. 

[Claim 8] How to collect platinum metals from the electrode metal characterized by performing concentration 

processing by vacuum distillation in claim 1 thru/or 7 any 1 term publication. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of collecting platinum metals from the insoluble 
metal electrode which mainly comes to prepare the platinum metal oxide which was applied to the approach of 
collecting platinum metals from a metal electrode, especially was used for industrial use electrolysis, and became 
used on electrode substrates, such as titanium, as electrode material. 
[0002] 

[Description of the Prior Art] The so-called dimensional-stability anode plate (DSA) which prepared the 
enveloping layer of electrode covering containing platinum metal oxides, such as iridium and a ruthenium, on the 
electrode substrate made from titanium, and the insoluble metal electrode called the dimensionally stable 
electrode (DSE) are used in large quantities in the field of various electrochemistry, such as diaphragm process 
brine electrolysis. Although such a metal electrode is a ceramic with a stable surface coating layer, with the 
electrode substrate made from titanium, it is known from having a chemical bond of a certain kind that it is 
chemical extremely [ physically or ] stable. Thus, even if stable as a metal electrode, in long-term use, it 
becomes impossible to maintain the fixed engine performance, consumption by corrosion etc. advancing gradually 
and leaving a surface enveloping layer to some extent, it becomes impossible using it, and, finally disposal will be 
carried out. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, as mentioned above, it is quite difficult to collect a metal 
and enveloping layers from the metal electrode of the product made from titanium for example, which is stability 
physically and chemical very much, and a thing without a suitable approach is the present condition. That is, 
even if it sees a platinum metal oxide from a chemical field compared with a platinum metal, since it is far stable, 
only some [, such as alkali fusion, ] special arts are accepted, but moreover, it is very difficult to exfoliate an 
enveloping layer, in order that this platinum metal oxide may protect the front face of an electrode substrate 
electrochemically in a water solution, and to dissociate with an electrode substrate. 

[0004] Then, an invention-in-this-application person etc. uses that a platinum metal oxide dissolves in an alkali 
fusion salt. A high-concentration alkali water solution is applied to the front face of the electrode substrate 
concerned so that the enveloping layer which contains a surface platinum metal oxide while protecting the 
electrode substrate made from titanium may be dissolved. While heating it all over a furnace and evaporating 
moisture, as alkali changed into the parenchyma top melting condition, development towards the utilization which 
says that an enveloping layer dissolves into alkali has been performed. However, by this approach, a parenchyma 
top is difficult for recovery of an expensive platinum metal, and there are problems, like moreover a big 
processing facility is needed. Moreover, when an electrode substrate was used as it was, it did not become a 
problem, but when it was going to collect the both sides of an electrode substrate and the enveloping layer 
containing a platinum metal oxide, it was almost impossible on parenchyma. 

[0005] Moreover, the approach of dissolving the front face of an electrode substrate with a corrosive acid, and 
exfoliating an enveloping layer from an electrode substrate for exfoliation of an enveloping layer, is proposed (for 
example, proposed in JP,59~1 23730,A etc.). However, the recovery of an electrode substrate (titanium) is bad in 
the problem said that an enveloping layer does not exfoliate so that it may consider since the electrode 
substrate made from titanium and the oxide which intervenes in the middle of an enveloping layer are firm as an 
actual problem although the reason top is possible by this approach. Moreover, the problem which the amount of 
the acid to be used says and is uneconomical is left behind. [ very ] Moreover, the coating sludge of platinum 
metal oxide was contained in the acid containing the dissolved electrode substrate, and since the concentration 
of this noble-metals metallic oxide became small relatively, it also had the problem said that this recovery 
becomes difficult. 

[0006] By the way, if the enveloping layer which consists of a ceramic in recovery of an electrode substrate was 
not removed completely, it was unreproducible as titanium, but in the former, since it was not able to exfoliate 
completely, it could usually be used only as a low alloy ingredient (iron alloy) of added value like ferroalloys, but 



also had the problem said that value falls. 

[0007] Furthermore, since titanium material, the platinum metal for covering, or its raw material for oxides did 
not have career in the past substantially, it was [ direction ] desirable and handling was also easy when seeing 
from the electrode side, even if it was cheap to use the new titanium which remelted titanium after all and 
having been seen from the point that handling is also referred to as easy, it was not what can be satisfied with a 
conventional method of. 

[0008] Moreover, using waste pure titanium, remelting it as titanium was hardly performed from the point that full 
removal of a surface affix is difficult etc. in in the past. However, in order to use ** et al. and titanium expensive 
from now on just like aluminum, the recycle which collects titanium serves as an industrial overlay important 
point from the titanium which became used, or the metal electrode made from a titanium alloy. For that purpose, 
the appearance of the art which separates the electrode substrate and enveloping layer for removing affixes, 
such as an enveloping layer, in low cost completely from the front face of titanium or the electrode substrate 
made from a titanium alloy will influence greatly to future expansion. 

[0009] It is in offering the approach of carrying out separation recovery of the platinum metal in the high grade 
which removed most impurities from the coating sludge, after this invention is made in view of a situation such 
conventionally, and facing [ collecting platinum metals from the water-soluble used metal electrode which has an 
enveloping layer containing a platinum metal oxide ] the place made into the purpose, exfoliating and separating 
an enveloping layer from an insoluble metal electrode. 
[0010] 

[Means for Achieving the Goal] In the approach of collecting platinum metals from the insoluble metal electrode 
with which this invention became used [ which has an enveloping layer containing a platinum metal oxide ] in 
order to attain a technical problem An enveloping layer is exfoliated from titanium or the electrode substrate 
made from noble metals of a titanium alloy and others, after heating this enveloping layer in a reducing 
atmosphere and returning a platinum metal component to a metal, it is chlorinated, and after considering as a 
hydrochloric-acid water solution, filtration removal of the non-dissolved part is carried out. Subsequently By 
performing separation removal of the cation which exists with the electrodialysis process by cation exchange 
membrane, it is having collected platinum metals as a chloride. 

[001 1] Moreover, in this invention, it is having been made to exfoliate physically and/or chemically about the 
enveloping layer from the above-mentioned electrode substrate. 

[0012] Moreover, in this invention, the above-mentioned reducing atmosphere is a hydrogen gas ambient 
atmosphere, the range of whenever [ desirable stoving temperature ] which a platinum metal returns is 500-1000 
degrees C, and the range of it is 600-950 degrees C especially desirably. Moreover, although especially the 
processing time is not limited, about 1 - 10 hours is desirable, and it is desirable to consider as about 2-5 
hours especially. 

[0013] Moreover, when the above-mentioned platinum metal collected in this invention is a ruthenium, it is 
having been made to carry out by dissolving chlorination into the heating concentrated-hydrochloric-acid water 
solution containing a oxidizing gas. 

[0014] Moreover, when the above-mentioned platinum metals collected in this invention are indium or iridium / 
ruthenium, it is having been made to carry out by heating chlorination by mixing with alkali halide, and letting 
chlorine gas pass. 

[0015] Moreover, in this invention, the above-mentioned alkali halide is a sodium chloride, and the range of 
whenever [ desirable stoving temperature ] is 500-700 degrees C, and it is especially characterized by being the 
range of 550-650 degrees C desirably. 

[0016] Moreover, it is electrolyzing supplying a solution to the anode plate room which uses the above- 
mentioned cation exchange membrane as a diaphragm in this invention, and having been made to carry out 
delivery separation removal of the impurity metal at a cathode room. 

[0017] Moreover, it is having been made to perform concentration processing for the hydrochloric-acid water 
solution of a platinum metal chloride by vacuum distillation in this invention. 

[0018] According to the technical means of this invention **(ed) and described above, it faces collecting 
platinum metals from the water-soluble used metal electrode which has an enveloping layer containing a 
platinum metal oxide, and the enveloping layer containing a platinum metal oxide is heated in a reducing 
atmosphere, after exfoliating physically and/or chemically from an electrode substrate. For example, after 
returning the platinum metal component which is easy to return by heating at 500-1000 degrees C among a 
hydrogen gas ambient atmosphere, and others to a metal, this is chlorinated, it dissolves into a hydrochloric acid, 
filtration removal of the non-dissolved part which is the insoluble matter in this hydrochloric-acid water solution 
is carried out, and separation removal is carried out, without hardly leaving the cation which exists with the 
electrodialysis process by cation exchange membrane further. This collects the platinum metals of a high grade 
as a chloride. 
[0019] 



[Embodiment of the Invention] The example of operation of this invention is explained. It is the insoluble metal 
electrode for industrial electrolysis which prepared the enveloping layer containing the multiple oxide which 
consists of a platinum metal oxide or a platinum metal, and other metals as a metal electrode in the front face of 
the electrode substrate of the titanium usually used, for example or the product made from a titanium alloy and 
which includes in an electrolytic-copper-foil manufacturing installation, diaphragm process brine electrolysis 
equipment or an ion exchange membrane process KURORU alkali electrolytic device, etc., and is used, for 
example, being built in it. In addition, when special, an electrode substrate may be nickel or stainless steel, and 
the electrode in this case is used as cathode. 

[0020] And although it exfoliates and the multiple oxides which face collecting platinum metals from the water- 
soluble above-mentioned metal electrode used as used, and consist of a platinum metal oxide or a platinum 
metal, and other metals first are collected from an electrode substrate in this invention, especially this 
exfoliation is not limited. For example, or it attaches a blemish to an enveloping layer, after performing physical 
pretreatment of rolling out the metal electrode itself and destroying the integrated state of an electrode 
substrate and an enveloping layer by roll credit etc., an enveloping layer is exfoliated from an electrode substrate 
by performing chemical after treatment of making an acid corrode the coating interface of an electrode 
substrate etc. 

[0021] next, the coating sludge (solid sludge) which did in this way and exfoliated — as it is — or acid treatment 
is performed in order to remove the matter which is easy to dissolve with an acid. Although not limited especially 
as conditions for this acid treatment, it is desirable to process with a sulfuric acid with a temperature of 85 
degrees C or more at for example, an ebullition hydrochloric acid or 40% or more 20% for removal, such as 
electrode substrates, such as titanium currently mixed in a coating sludge, and a surface affix, and metal 
components other than an oxide can carry out the abbreviation dissolution by performing this processing. 
[0022] Thus, when the component of the coating sludge which consists of obtained electrode material was 
analyzed and seen, it turned out that it mainly consists of valve metallic oxides, such as titanium and a tantalum, 
and a platinum metal oxide. Moreover, it turned out that some metal components remain as an oxide too. An 
impurity may be these metallic oxides, and although it added as electrode material, they also have a case. 
However, since recovery does not want to include an impurity as a platinum group raw material, these also need 
to decompose it. 

[0023] So, in this invention, processing which heats the above-mentioned metallic oxide in reducing 
atmospheres, such as a hydrogen ambient atmosphere, and is returned to a metal is performed. It is not limited 
especially as this reducing atmosphere, although there are reducing gas ambient atmospheres, such as for 
example, ammonia gas and methane, — reducibility — most — strong — in addition — and the hydrogen gas 
ambient atmosphere which does not almost have the possibility of contamination is the most desirable. As a 
hydrogen gas ambient atmosphere, the hydrogen gas ambient atmosphere of abbreviation atmospheric pressure 
is sufficient, hydrogen gas is heated with a sink and reduction processing of the metallic oxide is carried out at a 
metal. As for whenever [ in the inside of this hydrogen gas ambient atmosphere / stoving temperature ], it is 
desirable to set it as the range of 500-1000 degrees C which a platinum metal returns. The reason is that it is 
easy to become inadequate below 500 degrees C a platinum metal oxide's returning, and is because a facility of 
the furnace used for heating will become large-scale and will cause the jump of processing cost, if 1000 degrees 
C is exceeded. Moreover, it is because it may become an impurity as it is as other reasons when metals other 
than a platinum metal return, so whenever [ stoving temperature / to which only a platinum metal is returned 
alternatively and preferentially ] is the range which is 500-1000 degrees C. 

[0024] Therefore, in this invention, the range of the range of 500-1000 degrees C is 600-950 degrees C 
desirable especially desirably among a hydrogen gas ambient atmosphere. Moreover, above 800 degrees C, the 
effectiveness which can carry out evaporation removal of some of arsenic which may be contained as an 
impurity, or antimony [ at least ] is acquired. And although not limited among this hydrogen gas ambient 
atmosphere especially about the processing time in the range of 500-1000 degrees C, either, it is good in 1 hour 
- about 10 hours, and especially enough in about 2-5 hours. It will be returned, the platinum metal component 
which is easy to be returned by performing reduction processing on such conditions will become a metal, and 
valve metals which are hard to be returned, such as titanium and a tantalum, will exist with an oxide, without 
being returned. Moreover, while some impurities volatilize, it is returned and a part becomes a metal. The 
reduction object in this case dissolves in a hydrochloric acid. 

[0025] Moreover, in this invention, since it is difficult to dissolve in a direct hydrochloric acid when platinum 
metals are iridium or iridium / ruthenium, it heats by alkali halides, such as a sodium chloride, and mixing, and 
carries out by letting chlorine gas pass. As for whenever [ stoving temperature / in this case ], it is desirable to 
set it as the range of 500-700 degrees C. It is because it is that the reason does not have enough chlorination 
of a platinum metal below 500 degrees C, and decline in yield is easy to see, and although there are few troubles 
since a reaction fully progresses early when 700 degrees C is exceeded, it is because danger will increase if the 
temperature on the handling of chlorine becomes high, so processing of the lowest possible temperature is 



desirable. 

[0026] For example, it chlorinates by letting chlorine gas pass, mixing with alkali halides, such as a sodium 
chloride, and heating at about 600 degrees C, and it is dissolved in a hydrochloric-acid water solution. Since 
almost all platinum metals can be dissolved by such approach, it is recoverable as a mixed salt ghost which 
contains iridium and a ruthenium, for example. Moreover, filtration separation of titanium and the tantalic acid 
ghost at this time, or the other oxides is carried out as an impurity. 

[0027] Moreover, in this invention, when a platinum metal is mainly concerned with a ruthenium, chlorination is 
performed by dissolving into the heating concentrated-hydrochloric-acid water solution containing a oxidizing 
gas. in this case, also by the above-mentioned approach, although it is possible, it can dissolve easily by using 
ebullition and the hydrochloric acid desirably heated at about 120 degrees C with the autoclave in atmospheric 
air with oxidizing agents, such as oxygen and chlorine. Moreover, in order to make it easy to dissolve, it is good 
to use 35 - 37% of concentrated hydrochloric acid called 35 so-called hydrochloric acids. 
[0028] in addition, supply of chlorine gas — the exterior to a chlorine bomb etc. — using — also carrying out 
although it is good, it can use by electrolyzing by placing an electrode into a hydrochloric-acid container, 
generating chlorine gas. Being able to use the above-mentioned coating sludge as it is as an anode plate at this 
time, a platinum metal dissolves at its minimum and generating of chlorine goes. Thus, although a coating sludge 
is dissolved, the valve metal component which forms with oxide multiple oxides which are insolubility, such as 
titanium oxide and tantalum oxide, remains as a sludge as it is without dissolving. Moreover, although a platinum 
metal remains as insoluble matter slightly, these can collect all platinum metals by collecting separately or adding 
to the following batch. 

[0029] Moreover, since a part may vaporize as ruthenium oxide of 8 ** when the ruthenium is contained, the 
trap of the waste gas can be carried out, it can set them to RuCI4 (H2RuCI6) through a hydrochloric acid 35% 
too, and can collect them by the chloride. Thus, while dissolving the obtained platinum metal in a hydrochloric 
acid, filtration separation of the valve metallic oxide which is insoluble matter is carried out. 
[0030] Moreover, in this invention, since the impurity metal is contained in the platinum metal solution obtained 
by carrying out in this way at the part, separation removal of this is carried out with an electrodialysis process. 
That is, by cation exchange membrane, the solution of hydrochloric acid is put into the anode plate room of the 
cell with which it separated into the anode plate room and the cathode room, and is energized. Then, impurity 
metals which exist with a cation, such as lead and arsenic, move to a cathode room through the cation exchange 
membrane of a cell. Thereby, the hydrochloric-acid water solution of a platinum metal chloride remains in an 
anode plate room. As adjusting hydrochloric-acid concentration or platinum metal concentration etc., it is 
recoverable as a solid of a platinum metal chloride or a chloride by carrying out vacuum distillation of this 
hydrochloric-acid water solution if needed. 

[0031] In addition, when two or more kinds of platinum metal chlorides live together, it can also collect as 
mixture as it is, without dissociating depending on ** which separates them, and an application. 
[0032] Next, although explained in more detail about each concrete examples 1-4, it is said for beginning first 
that it is not what is limited to this example detailed explanation. 

Iridium was collected from the water-soluble metal electrode which has an enveloping layer containing the 
multiple oxide which becomes the front face of the electrode substrate made from titanium which was used for 
the example 1 electrolytic-copper-foil manufacturing installation, and became used from iridium and a tantalum. 
First, in order to remove a surface affix from a metal electrode, a metal electrode is immersed in the 1:1 nitric- 
acid liquid which added the hydrogen peroxide. After this removed the surface affix which makes a lead oxide a 
subject, exfoliation recovery of the enveloping layer was carried out by buff processing. And in order to remove 
impure metal objects, such as stainless steel which is the titanium metal and buff processing matter which are 
an electrode substrate, from the enveloping layer which carried out exfoliation recovery at the time of buff 
processing, when processing was performed in 85-degree C 40% sulfuric-acid liquid for 3 hours, it turned out 
that the impure metal object was removed mostly. 

[0033] Next, it is a deed about washing desiccation about the solid sludge of a large number which filtered using 
No1 filter paper by Toyo Roshi Kaisha, Ltd., and gathered on the filter paper. Furthermore, this solid sludge was 
put into the hydrogen furnace, and reduction processing was performed. The hydrogen pressure force in the 
hydrogen furnace at this time was mostly made into atmospheric pressure, and processing temperature was 
made into 800 degrees C. Thus, when the condition of the solid sludge after processing was observed by X-ray 
diffraction, iridium became a metal, in addition existence of tantalum oxide and titanium oxide was checked. 
Furthermore, although it was few amounts, existence of lead and antimony was also checked. 
[0034] next, after cool in the place made to react through desiccation chlorine gas for 2 hours and dissolve in 
hydrochloric acid liquid 35 %, having put into the ambient atmosphere furnace and heat at the temperature of 600 
degrees C, after mix the salt of tales doses with this solid sludge, when the No1 above-mentioned filter paper be 
use and filtered, tantalum oxide, a tantalum / a lead multiple oxide, and titanium oxide be checked, and, as for 
the impurity metal, slight iridium be checked. Moreover, although the iridium chloride was a subject, existence of 



slight lead, arsenic, and the chloride of antimony and a lot of salt was checked by the hydrochloric-acid liquid 
side. 

[0035] Next, when vacuum distillation was performed until it became 150 - 200 g/l extent with iridium about this 
thing, since it was checked that remarkable salt had deposited, it filtered through the No1 above-mentioned filter 
paper, and electrodialysis was performed about this filtrate. That is, it electrolyzed, supplying the two-room 
method cell which uses cation exchange membrane Nafion417 as a diaphragm by making this filtrate into an 
anolyte. At this time, electrolysis was performed to the anode plate side by anode-current-density 1 A/dm2 for 
10 hours at the cathode side using the niobium plate using the insoluble metal electrode which comes to cover 
oxidization iridium on the electrode substrate made from titanium, using 5% hydrochloric-acid water solution as a 
catholyte. Then, it was checked that antimony moved to the cathode room, and it was removed by the lead list 
accepted as an impurity, and the amount of sodium has also almost shifted to the anode plate room. Thereby, 
the impurity of iridium chloride liquid was lowered to trace extent, and was able to be used as an iridium raw 
material as it was. 

[0036] Rutheniums were collected from the water-soluble metal electrode which has an enveloping layer 
containing the multiple oxide which becomes the front face of the electrode substrate made from titanium which 
was used for example 2 diaphragm-process brine electrolysis equipment, and became used from a ruthenium and 
titanium. First, in order to remove a surface affix from a metal electrode, processing by Jet Waugh Shah was 
performed. After this removed the surface affix which makes a subject waste caustic alkali of sodium and the 
diaphragm matter, exfoliation recovery of the coating was carried out by buff processing, and the metal 
component was dissolved with recovery of the enveloping layer which pickles the electrode after exfoliation with 
a 100-degree-C20% hydrochloric acid, and remains with this recovery object further. The processing time at this 
time was 30 minutes. 

[0037] Next, it is a deed about washing desiccation about the solid sludge of a large number which filtered using 
No5 filter paper by Toyo Roshi Kaisha, Ltd., and gathered on the filter paper. Furthermore, this solid sludge was 
put into the hydrogen furnace, and reduction processing was performed. The hydrogen pressure force in the 
hydrogen furnace at this time was mostly made into atmospheric pressure, and processing temperature was 
made into 600 degrees C. And this sludge was put into the basket made from titanium, and it electrolyzed in the 
100-degree-C35% hydrochloric acid as an anode plate. 

[0038] On the other hand, it placed so that the basket made from titanium might be surrounded using a tantalum 
plate as cathode. Electrolysis was continued until it electrolyzed by current density 10 A/dm2 and chlorine gas 
came out. After stopping this electrolysis in the place where generating of chlorine gas was checked, when the 
electrolytic solution was separated, it condensed by vacuum distillation and a part for insoluble Monobe was 
analyzed, titanium oxide remains without dissolving 100% of abbreviation, and it was checked that the ruthenium 
remains as about 5% of a solid to the original amount. 

[0039] Next, vacuum concentration was performed about this and the ruthenium considered as 200 g/l extent. 
And it electrolyzed, supplying the two-room method cell which uses cation exchange membrane Nafion41 7 as a 
diaphragm by making this into an anolyte. At this time, electrolysis was performed for the insoluble metal 
electrode which covered ruthenium oxide on the electrode substrate made from titanium as an anode plate, 
using 5% hydrochloric-acid water solution as a catholyte in cathode by cathode-current-density 1 A/dm2 for 2 
hours using the niobium plate. Then, the antimony accepted as an impurity moved to the cathode room, and it 
was removed, and the impurity of ruthenium chloride liquid was lowered to trace extent, and was able to be used 
as a ruthenium raw material as it was. 

[0040] Recovery of iridium and a ruthenium was performed from the water-soluble metal electrode which has an 
enveloping layer containing the multiple oxide which consists of iridium, a ruthenium, and titanium on the metal 
base which consists of a hole difference plate made from titanium which was used for the example 3 ion- 
exchange-membrane method KURORU alkali electrolytic device, and became used. First, in order to remove a 
surface affix from a metal electrode, after performing processing by Jet Waugh Shah, like the example 2, by buff 
processing, exfoliation recovery of the enveloping layer was carried out from the electrode substrate, this 
recovery object was further immersed into the 90-degree-C40% sulfuric acid, and pickling was performed. Then, 
since the titanium front face which is an electrode substrate corroded by washing of 2 hours and the residual 
enveloping layer precipitated at the pars basilaris ossis occipitalis of a pickling bath as a black sludge, this black 
sludge was taken out from the drain port of a pickling bath, and was washed in cold water, with the sludge which 
carried out exfoliation recovery by buffing, it processed for 30 minutes in 20% of ebullition hydrochloric acid, and 
a part for the metal of titanium or a buff was dissolved and removed. Furthermore, reduction processing of 650- 
degree-C 2 hours in a hydrogen air current was performed for this thing. 

[0041] Next, the reduction object which carried out in this way and was obtained was put into the autoclave, it 
heated at 120 degrees C by having used the hydrochloric acid as the solution 35%, and chlorine gas was 
dissolved with through. Then, while liquid became black by the dissolution of 3 hours, insoluble matter 
precipitated. After taking this out and cooling, when the insoluble matter of a large number which used and 



filtered No1 filter paper by Toyo Roshi Kaisha, Ltd., and gathered on the filter paper was analyzed, the remainder 
was titanium oxide including iridium slightly. The solution at this time had become a ruthenium and the chloride 
of iridium. After condensing so that vacuum distillation of this chloride may be carried out and it may become 
200 g/l extent in the sum total of a ruthenium and iridium, electrodialysis was performed on the same conditions 
as an example 2, and separation removal of a cation was performed. And although the titanium of trace extent 
was checked in addition to a ruthenium and iridium when the solution after separation was analyzed, it came to 
check other metal ions. The mixed salt ghost of ruthenium chloride and an iridium chloride was obtained by 
carrying out vacuum distillation of this thing further. 

[0042] Recovery of iridium and a ruthenium was performed from the water-soluble meta! electrode which has an 
enveloping layer containing the multiple oxide which consists of iridium, a ruthenium, and titanium on the 
electrode substrate which consists of an expanded mesh made from titanium which was used with example 4 
ion-exchange-membrane mold brine electrolysis equipment, and became used. First, since a big distortion 
produced when in carrying out exfoliation recovery of the enveloping layer from an electrode substrate this 
metal electrode had welding and it removed from an electrolytic device was given to the metal electrode, the 
clearance was slightly made from carrying out flattening of the metal electrode between the enveloping layer and 
the metal base made from titanium by the strong leveler, and it exfoliated by etching with pickling according this 
to the mixed acid of a hydrochloric acid and a sulfuric acid. At this time, the above-mentioned metal electrode 
which held and carried out flattening to the temperature of 85-90 degrees C by using as an etching reagent the 
mixed acid contained 20% as 25% and a hydrochloric acid as a sulfuric acid was immersed for 30 minutes. Then, 
the enveloping layer precipitated in liquid as a black sludge. In addition, it was checked that the enveloping layer 
had been removed from the electrode substrate by abbreviation completeness exfoliation picking by etching for 
30 minutes at this time. 

[0043] And after having fully washed with water after carrying out filtration separation of this black sludge, and 
drying, this black sludge was put into the hydrogen furnace like the example 1, and reduction processing was 
performed. However, processing temperature was made into 700 degrees C. When the black sludge was analyzed 
by X-ray diffraction after reduction processing of 3 hours, it turned out that this black sludge consists of 
titanium oxide, iridium, and a ruthenium. 

[0044] Next, it mixed with the salt of tales doses like [ sludge / this / black ] the example 1, and chlorinated 
through chlorine gas. In addition, since the gas of ruthenium tetroxide (Ru04) might generate at this time, the 
trap was carried out with 35% hydrochloric acid which added 5% of isopropyl alcohol by the volume. And after 
condensing so that all the chlorides generated to the hydrochloric acid used for recovery of ruthenium tetroxide 
may be dissolved, vacuum distillation may be performed about this thing and it may become 200 g/l extent in the 
sum total of a ruthenium and iridium when chlorination was completed, electrodialysis was performed like the 
example 1. Then, omitting the iron which was being mixed slightly became that there is nothing, and since 
existence of other metals was not checked, it turned out that it can use as a raw material as it is. In addition, 
the chloride obtained here is the mixture of H2IrCI6 and H2RuCI6, and it turned out that it is almost the same as 
that of the presentation exfoliation covering. 
[0045] 

[Effect of the Invention] The method of collecting platinum metals from the metal electrode of this invention 
does the following operation effectiveness so from coming to constitute like the above statement. 
** . A platinum metal is recoverable from an insoluble metal electrode used in exfoliating the enveloping layer 
which contains a platinum metal oxide from an electrode substrate in this invention, chlorinating this, after 
heating this coating layer in a reducing atmosphere and returning a platinum metal component to a metal, and 
filtration removal of the non-dissolved part being carried out in the condition of having considered as the 
hydrochloric-acid water solution, and it having been made to carry out separation removal of the cation which 
exists with an electrodialysis process further after that as a chloride. 

[0046] ** . By this invention, as it comes to exfoliate in the enveloping layer which contains a platinum metal 
oxide in a water-soluble metal electrode from an electrode substrate by performing physical and/or chemical 
processing, since, easily, it can exfoliate and an enveloping layer can be separated from an electrode substrate 
again. 

[0047] ** . It is made to come to return only a platinum metal component to a metal in this invention 
alternatively and preferentially again by heating the enveloping layer containing the platinum metal oxide which 
exfoliated from the electrode substrate in [ heating ] 500-1000 degrees C among the hydrogen gas ambient 
atmosphere. That is, it is returned and the platinum metal nature which is easy to return becomes a metal, and 
since it will exist with an oxide, without returning valve metallic oxides, such as the electrode substrate which is 
hard to be returned, for example, titanium, and a tantalum, and a platinum metal component remains into liquid as 
a chloride by dissolving this into a hydrochloric acid, a platinum metal is easily recoverable as a chloride. 
[0048] ** . By this invention, after [ all ] dissolving, it becomes recovery by solution layer processing, and the 
handling recovery becomes simple from a platinum metal being recoverable from an enveloping layer as 



1 

mentioned above in the form dissolved into the hydrochloric acid again. 

[0049] ** . By this invention, separation removal of the metallic oxide which exists in the coating sludge can be 
carried out simply and easily by being eluted from it being still an oxide again. Therefore, there is no mixing to 
the platinum metal collected as a chloride. 

[0050] ** . By this invention, mixing with alkali halides, such as a sodium chloride, and heating at 500-700 
degrees C. it chlorinates by letting chlorine gas pass, and it is dissolved in a hydrochloric-acid water solution 
again. That is, since a platinum metal can be dissolved, it is recoverable as a mixed salt ghost which contains 
iridium and a ruthenium, for example. Thereby, since separation removal of titanium, a tantalic acid ghost or all 
the other impurities can all be carried out completely, recovery of the platinum metal of a high grade with few 
impurities is attained. 

[0051] ** . By this invention, it is recoverable as a solid of a platinum metal chloride or a chloride as adjusting 
hydrochloric-acid concentration or platinum metal concentration etc. again by carrying out vacuum distillation of 
the hydrochloric-acid water solution of a platinum metal chloride if needed. 

[Translation done.] 
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